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In the title compound, [Cu(C 14 H 12 N 2 )3](PF 6 ) r CH 3 CN, the 
[Cu(5,6-dmp) 3 ] 2+ cationic complex (5,6-dmp is 5,6-dimethyl- 
1,10-phenanthroline) is stabilized by two hexafluorido- 
phosphate anions and one acetonitrile solvent molecule. The 
coordination geometry around the Cu 11 atom can be described 
as distorted elongated octahedral with i? out = 2.277 (2) A, R in 
= 2.052 (2) A and a tetragonality of 0.9011, acquiring a 'static' 
stereochemistry. In the supramolecular network, there are 
intermolecular C— H- ■ F and C— H- ■ N interactions with 
#1(16), Rl(l), Ri(4), i?|(16) and Cf(7) motifs that lead to an 
infinite three-dimensional network. 

Related literature 

For literature on metal complexes with phenanthroline-based 
ligands related to their intense luminescence, their capacity to 
interact with DNA and also in some cases the induction of 
DNA cleavage, see: Bencini & Lippolis (2010). For details of 
octahedral distortion and motifs, see: Ramakrishnan & Pala- 
niandavar (2008); Murphy et al. (2006); Etter et al. (1990). 



Experimental 

Crystal data 

[Cu(C 1 4H 12 N 2 ) 3 ](PF 6 ) 2 .C 2 H 3 N 

M, = 1019.3 

Monoclinic, P2Jn 

a = 9.8566 (3) A 

b = 19.9317 (7) A 

c = 22.1822 (6) A 

P = 93.603 (3)° 

Data collection 

Oxford Diffraction Xcalibur, Atlas, 

Gemini diffractometer 
Absorption correction: analytical 

(CrysAlis PRO; Oxford 

Diffraction, 2009) 

r mi „ = 0.643, r maI = 0.84 

Refinement 

R[F 2 > 2a(F 2 )] = 0.039 

wR(F 2 ) = 0.097 

5 = 0.92 

8596 reflections 



V = 4349.3 (2) A 3 
Z = 4 

Mo Ka radiation 
fi = 0.67 mm~' 
T = 130 K 

0.34 x 0.21 x 0.09 mm 



20467 measured reflections 
8596 independent reflections 
5782 reflections with / > 2o(I) 
R iM = 0.037 



602 parameters 

H-atom parameters constrained 
A/w = 0.99 e A~ 3 
Ap mi „ = -0.42 e A~ 3 



Table 1 

Selected geometric parameters (A, °). 



Cul-Nl 


2.0063 (19) 


Cul-N2S 


2.095 (2) 


CU1-NL4 


2.0144 (19) 


Cul-N2 


2.220 (2) 


Cul-N2/l 


2.091 (2) 


Cul-NIB 


2.333 (2) 


NL4-Cul-N2/l 


80.60 (8) 


N2B-Cul-N1B 


75.18 (8) 


Nl-Cul-N2 


78.35 (8) 







Table 2 

Hydrogen-bond geometry (A, °). 



D-H-A 


D-H 


F£- ■ A 


D-A 


D-H-A 


Cl-Hl-Fl 


0.95 


2.3 


3.149 (3) 


148 


CL4-HL4---N3 1 


0.95 


2.74 


3.489 (5) 


136 


C9-H9-F11 1 


0.95 


2.62 


3.270 (3) 


126 


C10-H10-F7' 


0.95 


2.54 


3.358 (3) 


145 


C10-H10- ■ F8' 


0.95 


2.59 


3.471 (3) 


155 


C59-H59C- ■ F4" 


0.98 


2.3 


3.265 (4) 


170 


C8B-H8B- ■ Fl" 1 


0.95 


2.51 


3.437 (3) 


164 


C3-H3- ■ F8 iv 


0.95 


2.47 


3.392 (3) 


163 


C3A-H3^1-F4 V 


0.95 


2.62 


3.557 (3) 


169 


Symmetry codes: (i 


x,y,z- 1; (ii 


-x + 1, -y, -z - 


h 1; (iii) -x- 


-l.-y, -z; (iv) 



X + i -y + ^Z-k,(v)x- 



-y+i 




2+ 



(PF 6 -) 2 -CH 3 CN 



Data collection: CrysAlis CCD (Oxford Diffraction, 2009); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2009); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 1997); software used to prepare material for publication: 
WinGX (Farrugia, 1999). 

The authors thank CONACYT 87806, PAPIIT IN 227110 
and PICSA10-61 for their financial support of this work. MFA 
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comments. 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RU2037). 
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Tris(5,6-dimethyl-1 ,1 0-phenanthroline-jc 2 /V,N f )copper(ll) bis- 
(hexafluoridophosphate) acetonitrile monosolvate 

Yanis Toledano-Magana, Juan-Carlos Garcia-Ramos, Consuelo Garria-Manrique, Marcos Flores- 
Alamo and Lena Ruiz-Azuara 

Comment 

Due the combination of structural and chemical properties, metal complexes with phen-based ligands have been actively 
studied for their catalytic, redox, photochemical and photophysical properties and, more recently, as building units for the 
construction of efficient luminescent materials and even photoswitchable molecular devices (Bencini & Lippolis, 2010). 
Here, we present the crystal structure of the title compound rac-[Cu(5,6-dmp) 3 ](PF 6 )2 CH 3 CN 1. 

The X-ray structure of 1 consist of both A- and A-enantiomers of copper(II) complex cation, the molecular structure 
with crystallographic atom numbering scheme is illustrated in Fig. 1 . Selected bond distances and bond angles are given 
in Table 1. The coordination geometry around Cu(II) can be described as distorted elongated octahedral (DEO) with Nl, 
N1A, N2A, N2B nitrogen atoms occupying the corners of the square plane and NIB and N2 atoms occupying the trans 
axial positions. The distances (Cul-NIB, 2.333 (2) A; Cul-N2, 2.220 (2) A) mean Cu-N out =R mt = 2.2766 (22) A, are 
longer than the mean of the four in-plane Cu-N bond distances with Cul-Nl, 2.0063 (19); Cul-NIA, 2.0144 (19); Cul- 
N2A, 2.091 (2); Cul-N2B, 2.095 (2) A and mean of Cu-N in = R m = 2.0516 (20) A. The average Cu-N bond distance 
(2.1641 (21) A) is significantly longer than that [2.137 (4) A] observed (Ramakrishnan & Palaniandavar, 2008) for 
rac-[Cu(5,6-dmp) 3 ](C10 4 )2 and very similar than that (2.189 (13) A) observed (Murphy et al, 2006) for the 
rac-[Cu(phen) 3 ](C10 4 )2- Interestingly, the tetragonality (T =RJR oat = 0.901 1) of 1 is shorter than that (0.952) of its 
rac-[Cu(5,6-dmp) 3 ](C10 4 )2 analogue suggesting that the former complex 1 acquires a static stereochemistry. Also, the bite 
angles of 5,6-dmp ligands in 1 (80.60 (8), 78.35 (8), 75.18 (8)°) deviate significantly from the ideal angle of 90°, which is 
consistent with the distorted coordination geometry. The average value (78.04°) of bite angles is less than that (78.5 °) 
(Murphy et al, 2006) for the rac-[Cu(phen) 3 ] 2+ analogue, which is in completely agreement with the stronger 
coordination of the 5,6-dmp ligand. 

The hexafluorophosphate ion and acetonitrile solvent are not involved in the coordination sphere of the Cu ion, but are 
in the crystal lattice. In the supramolecular network there are C — H— F and C — H— N intermolecular interactions of type 
hydrogen bond (Table 2) that help stabilize crystal packing (Fig. 2). The intermolecular interactions CIA — H1A..N3, C59 
— H59..F4 and C8B — H8B- - Fl are forming the i? 3 3 (16) motif. In addition, the hydrogen bond type formed from the 
donor-aceptor atoms: C3— H3-F8, C9— H9..F11, C10— H10-F7, C9A— H9A-F7 and C10— H10..F8 are forming the 
7? 2 2 (7), Ri 2 (4), R 3 \16) and C 3 2 (7) motifs mainly (Etter et al, 1990). All these interactions lead to infinite three- 
dimensional network superstructure. 
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Experimental 

1 mmol (232 mg) of hemi-pentahydrated Cu(NOs)2 was dissolved in 5 ml of MeOH and mixed with 10 ml of ethanol 
solution of 5,6-dimethyl-l,10-phenanthroline (3 mmol, 625 mg). After 2 h of strong stirring, the resulting emerald green 
solution was mixed with three equivalents of ammonium hexafluorophosphate (3 mmol, 489 mg) resulting in a green 
powder, washed several times with cold water to eliminate the NH4PF6 excess. Once dry, the green product was isolated 
with 89% yield (870 mg). The product was redissolved in EtOH and the solvent was slowly evaporated to get suitable 
single crystals. Anal, calcd. for C 4 2H 36 N 6 P 2 F 12 Cu (978.24 g/mol): C, 51.56; H, 3.70; N, 8.59. Found: C, 51.02; H, 3.81; N, 
8.67. IR (KBr disc, cnr'):3412 br, 3067 br, 2923 m, 1621 m, 1605 m, 1583 s, 1523 m, 1481 m, 1430 m, 1358 s„ 875 s, 
728 m. 

Refinement 

H atoms attached to C atoms were placed in geometrically idealized positions, and refined as riding on their parent atoms, 
with C — H distances fixed to 0.95 (aromatic CH) and 0.98 (methyl CH3) and with U[ SO of 1.2 and 1.5 U eq (C) respectively. 

Computing details 

Data collection: CrysAlis CCD (Oxford Diffraction (2009); cell refinement: CrysAlis RED (Oxford Diffraction 2009); 
data reduction: CrysAlis RED (Oxford Diffraction 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows 
(Farrugia, 1997); software used to prepare material for publication: WinGX (Farmgm, 1999). 



F10 




Figure 1 

The molecular structure and the atom labelling scheme for (1). Displacement ellipsoids are draw at the 50% probability 
level and H atoms are shown as circles of arbitrary size. 
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Figure 2 

Intermolecular contacts of type hydrogen bond (dashed lines) in the crystal of (1,) forming infinite ribbons of ^?3 3 (16), 
R 2 2 (l), Ri\A), 7? 3 3 (16) and C 3 2 (7) motifs. 

Tris(5,6-dimethyl-1,10-phenanthroline-»c 2 iV,iV')copper(ll) bis(hexafluoridophosphate) acetonitrile monosolvate 



Crystal data 

[Cu(Ci4H 12 N 2 )3](PF 6 ) 2 -C2H 3 N 

M r = 1019.3 

Monoclinic, P2i/n 

a = 9.8566 (3) A 

6 = 19.9317 (7) A 

c = 22.1822 (6) A 

P = 93.603 (3)° 

V= 4349.3 (2) A 3 

Z=4 

Ztoa collection 

Oxford Diffraction Xcalibur, Atlas, Gemini 

diffractometer 
Graphite monochromator 
Detector resolution: 10.4685 pixels mm' 1 
co scans 

Absorption correction: analytical 

(CrysAlis PRO; Oxford Diffraction, 2009) 
T mm = 0.643, r max = 0.84 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > 2o-(F 2 )] = 0.039 

wRiF 2 ) = 0.097 

5=0.92 

8596 reflections 



F(000) = 2076 

£> x = 1.557 MgnT 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 6486 reflections 

6 = 3.4-26.0° 

fi = 0.67 mm -1 

T= 130 K 

Block, blue 

0.34 x 0.21 x 0.09 mm 



20467 measured reflections 
8596 independent reflections 
5782 reflections with I > 2e(I) 
R mt = 0.037 

#max = 26.1°, ^min = 3.4° 

ft = -ll->12 
jt= -24^19 
/ = -27->22 



602 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 
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Hydrogen site location: inferred from w = ll[a\F 2 ) + (0.05 18F) 2 ] 

neighbouring sites where P = (F 2 + 2F 2 )/3 

H-atom parameters constrained (A/cr) max = 0.001 

A/w = 0.99 e A" 3 

Apmm = "0.42 e A" 3 

Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 1 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > 2a{F 2 ) is 
used only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 




CI 


0.5532 (3) 


0.21466(13) 


0.11579(11) 


0.0210(6) 


HI 


0.6285 


0.2048 


0.0926 


0.025* 


CIA 


0.3305 (3) 


0.27265 (14) 


-0.13015(10) 


0.0219 (6) 


H1A 


0.2777 


0.234 


-0.1227 


0.026* 


C1B 


0.7496 (3) 


0.24812 (15) 


-0.03627 (11) 


0.0297 (7) 


H1B 


0.7672 


0.2916 


-0.0201 


0.036* 


C2 


0.5593 (3) 


0.19719(14) 


0.17668 (10) 


0.0245 (6) 


H2 


0.6372 


0.175 


0.1945 


0.029* 


C2A 


0.3324 (3) 


0.29670 (14) 


-0.18916(10) 


0.0245 (6) 


H2A 


0.2821 


0.2744 


-0.2212 


0.029* 


C2B 


0.8519(3) 


0.21597 (17) 


-0.06489 (12) 


0.0355 (8) 


H2B 


0.9374 


0.2372 


-0.0681 


0.043* 


C3 


0.4527 (3) 


0.21216(14) 


0.21058 (11) 


0.0263 (6) 


H3 


0.4563 


0.2002 


0.2521 


0.032* 


C3A 


0.4067 (3) 


0.35210(14) 


-0.20058 (11) 


0.0243 (6) 


H3A 


0.4094 


0.3683 


-0.2408 


0.029* 


C3B 


0.8290 (3) 


0.15336 (16) 


-0.08846 (11) 


0.0316(7) 


H3B 


0.8985 


0.1309 


-0.1083 


0.038* 


C4 


0.3372 (3) 


0.24522 (12) 


0.18435 (10) 


0.0188 (6) 


C4A 


0.4801 (3) 


0.38584 (13) 


-0.15286 (10) 


0.0201 (6) 


C4B 


0.7020 (3) 


0.12232(14) 


-0.08313 (10) 


0.0250 (6) 


C5 


0.2224 (3) 


0.26558 (14) 


0.21789 (11) 


0.0244 (6) 


C5A 


0.5594 (3) 


0.44604 (14) 


-0.16013 (11) 


0.0249 (6) 


C5B 


0.6704 (3) 


0.05518 (15) 


-0.10550 (11) 


0.0310(7) 


C6 


0.1182 (3) 


0.30107 (13) 


0.19016(11) 


0.0241 (6) 


C6A 


0.6233 (3) 


0.47694 (13) 


-0.11138(11) 


0.0223 (6) 


C6B 


0.5512(3) 


0.02559 (14) 


-0.09430(11) 


0.0295 (7) 


C7 


0.1167 (3) 


0.31453 (13) 


0.12576 (10) 


0.0203 (6) 


C7A 


0.6171 (3) 


0.44820 (13) 


-0.05164 (11) 


0.0201 (6) 


C7B 


0.4483 (3) 


0.06267 (13) 


-0.06392 (10) 


0.0239 (6) 


C8 


0.0110(3) 


0.34946 (13) 


0.09339 (12) 


0.0258 (6) 


H8 


-0.0647 


0.3654 


0.1137 


0.031* 
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0.0352 (10) 


A A/1 AA /OA 

0.0400 (y) 


A AA/1 A /OA 

0.0040 (o ) 


A AA0^7 /TA 
— U.UUZ / ( /) 


A AA1 O /OA 

—0.0013 (8) 


T70 


AA/1/IO /11A 

0.0442 (11) 


AA^OO /1")A 

0.0628 (13) 


A rtill/ /OA 

0.0426 (9) 


A A 1 C O / 1 AA 

—0.0153 (10) 


A AACA ZO\ 

0.0059 (8) 


A A 1 /I A /OA 

0.0144 (9) 


17 0 


A A/1 11 /1 1 A 

0.0413 (11) 


A ACO 1 /1 OA 

0.0521 (13) 


a (\nn £. / 1 o a 
0.0/ lb (13) 


A A 1 OC / 1 AA 
0.0iy5 (10) 


A AAO 1 / 1 AA 

—0.0091 (10) 


AAO AO / 1 1 A 

—0.0309 (11) 


17/1 


A AO// / 1 ^7A 

o.oyoo (1 /) 


a a/;ao /1 a\ 
0.0602 (14) 


A AO£T /OA 

0.036 / (9) 


A A/IO/1 /1 OA 

—0.0424 (13) 


A A 1 0 O / 1 AA 

—0.0132 (10) 


A AO 1 C /1 AA 

0.0215 (10) 


17C 

r 5 


A AOOO / 1 1 A 
0.0388 (11) 


A A/1 £Q / I OA 

0.0458 (12) 


O OACO /1 1 A 

0.065y (11) 


A OA/1 /I /OA 

—0.0044 (y) 


O A1 OO /OA 

0.0132 (y) 


A AOO"£ /1 OA 

—0.02/6 (10) 


17/ 

to 


A A/1/IO / 1 O A 

0.0442 (12) 


A A/IOC /10A 

0.0435 (12) 


A A/OO /10A 
0.0688 (12) 


A AAOC /OA 

0.0025 (y) 


A AOO 1 / 1 AA 
— 0.02yi (10) 


A AAO /: / 1 AA 

—0.0036 (10) 


17 O" 


A AO CO" / 1 AA 

0.035 / (10) 


A AO C A / 1 AA 
0.0354 (10) 


A A A A O /OA 

0.0443 (y) 


A AA 1 "7 /OA 

—0.001 / (8) 


A AAOO /OA 
~0.00y3 (8) 


A AAA/ /OA 

-0.0096 (8) 


F8 


0.0501 (12) 


0.0291 (10) 


0.0409 (9) 


-0.0071 (9) 


-0.0069 (8) 


-0.0016 (8) 


F9 


0.0519(11) 


0.0383 (11) 


0.0295 (8) 


0.0069 (9) 


0.0076 (8) 


-0.0026 (8) 


F10 


0.0838 (15) 


0.0231 (10) 


0.0463 (10) 


0.0131 (10) 


0.0066 (9) 


0.0018(8) 


Fll 


0.0539 (12) 


0.0581 (13) 


0.0299 (8) 


0.0206 (10) 


0.0096 (8) 


0.0007 (8) 


F12 


0.0383 (11) 


0.0735 (14) 


0.0452 (10) 


0.0160(10) 


-0.0131 (8) 


-0.0013 (10) 



Geometric parameters (A, ") 



CI— Nl 1.326 (3) CIO— H10 0.95 

CI— C2 1.392 (3) C10A— N2A 1.331(3) 

CI— HI 0.95 CI OA— HI OA 0.95 
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f • i a XT 1 A 

CIA — NIA 


1.322 (3) 


C • 1 A p O A 

CIA — C2A 


1 1 AC /") \ 

1.395 (3) 


p -1 a TT1 A 

CIA — HIA 


A AC 

0.95 


CIB — JN IB 


1.323 (3) 


CIB — C2B 


1.383 (4) 


piT) TT 1 T> 

CIB — H1B 


A AC 

0.95 


/- < ^> p*> 
C2 — C3 


1 P"> / A \ 

1.363 (4) 


C2 — H2 


A AC 

0.95 


p A P O A 

CzA — C3A 


1 1 C*7 / /I \ 

1.357 (4) 


p a TT1 A 

CzA — H2A 


A AC 

0.95 


C2B — C3B 


1.366 (4) 


C2B — H2B 


A AC 

0.95 


p ~> p ,1 

C3 — C4 


1 -1 A A / -1 \ 

1.409 (4) 


C3 — H3 


A AC 

0.95 


C3A — C4A 


1.414 (3) 


C3A — H3A 


A AC 

0.95 


('IT) /'111 

C3B — C4B 


1 A AO {A \ 

1.405 (4) 


C3B — H3B 


A AC 

0.95 


C4 — C12 


1 yl AO /") \ 

1.403 (3) 


C4 — C5 


1 yl C 1 //I \ 

1.451 (4) 


C4A — C12A 


1 /I AC /is 

1.4U5 (3) 


A A C A 

C4A — C5A 


1 /I /I "7 / A \ 

1.447 (4) 


C4B — C12B 


1 AC\ A i A \ 

1 .404 (4) 


/'IT) / • ~ T ) 

C4B — C5B 


1 /I C /I / (1 \ 

1.454 (4) 


CD — Co 


l.iol (4) 


C5 — C13 


1.516 (3) 


C5A — C6A 


1.364 (4) 


PC a /ii i A 

C5A — C13A 


1.513 (3) 


C5B — C6B 


1.352 (4) 


C5B — C13B 


1.513 (4) 


Co — C7 


1.453 (3) 


Co — C14 


1 cnn / a \ 

1.509 (4) 


CoA — C /A 


1 /I /I O /1\ 

1.44o (3) 


p /- a /~1 1 A A 

CoA — C14A 


1.505 (4) 


CoB — C7B 


1 A Z A ( A \ 

1.454 (4) 


p /" 1~> P 1 yl T> 

CoB — C14B 


1 C 1 O / A\ 

1.518 (4) 


C7 — Cll 


1.391 (3) 


C7 — Co 


1 A 1 1 / \ 

1.411 (4) 


P -7 A /~1 1 1 A 

C7A — Cll A 


1 ") A O / A \ 

1.398 (4) 


C7A — C8A 


1 /I 1 1 /")\ 

1.413 (3) 


P "7 T~"> POT) 

C7B — C8B 


1 -1 AC / A \ 

1.405 (4) 


C7B — CI IB 


1 A 1 ^ / A\ 

1.412 (4) 


p o 

C8 — C9 


1.363 (4) 


Co — Ho 


0.95 


C8A— C9A 


1.367 (4) 


C8A — H8A 


0.95 


C8B— C9B 


1.367 (4) 


C8B— H8B 


0.95 


C9— CIO 


1.392 (4) 



P 1 AT") \T1T1 

CI 0B — N2B 


1 HO / A\ 

1.328 (4) 


pi HT) TT1AT") 

CI 0B — HI 0B 


A AC 

0.95 


pi 1 Tv TO 

Cll — N2 


1.368 (3) 


Cll — C12 


1.431 (3) 


pi 1 A TV TO A 

Cll A — N2A 


1 1£A /')\ 

1.369 (3) 


pi 1 » PIOA 

C11A — C12A 


1.432 (3) 


CUB — N2B 


1 ICO /IN 

1.358 (3) 


p 1 1 i~"> p 1 in 

CUB — C12B 


i /ill / >i \ 

1.432 (4) 


C ' 1 -> XT 1 

C12 — N 1 


1.360 (3) 


P 1 O A XT 1 A 

C12A — NIA 


1 ICO /") \ 

1.358 (3) 


C12B — NIB 


1 1 /I \ 

1.364 (3) 


P 1 1 T T 1 1 A 

C13 — H13A 


0.98 


p i -) tii m 

C13 — H13B 


A AO 

0.98 


P1T TT1 1 P 

C13 — H13C 


A AO 

0.98 


P 1 1 A T T 1 1 T"\ 

C13A — HI 3D 


0.98 


P 11A TT1 ir 

C13A — H13E 


0.98 


/*I11 A TT1 TT7 

C13A — H13r 


A AO 

0.98 


Plin TT1 1 P 

C13B — H13G 


A AO 

0.98 


C13B — H13H 


0.98 


P 1 ") T~l TT1 IT 

C13B — H131 


0.98 


p | /] T T 1 /I A 

C14 — H14A 


A AO 

0.98 


pi/i in /in 

C14 — H14B 


A AO 

0.98 


C14 — H14C 


0.98 


pi a A TT1 /in 

C14A — H14D 


0.98 


C14A — H14b 


A AO 

0.9o 


P 1/1A TT1/H -1 

C14A — H14F 


0.98 


p 1 /i r> t t 1 /i p 

C14B — H14G 


0.98 


^1drj TT1 ATT 

C14B — H14H 


A AO 

0.98 


1 A TD T T 1 /I T 

C14B — Hi 41 


A AO 

o.yo 


C59 — C61 


1.418 (6) 


prn TTC A A 

C59 — H59A 


A AO 

0.98 


prn TTCAT) 

C59 — H59B 


A AO 

0.98 


C59 — H5yC 


A AO 

O.yo 


C61 — N3 


1.176 (6) 


p, . i XT 1 

Cul — Nl 


2.0063 (19) 


f ' . . 1 \T A A 

Cul — NIA 


1 A 1 A A f 1 A\ 

2.0144 (19) 


Cul — N2A 


1 AA1 /1\ 

2.091 (2) 


Cul — N2B 


1 AAC 

2.095 (2) 


Cul — N2 


2.220 (2) 


p„1 XT 1 D 

Cul — N IB 


2.333 (2) 


PI — f2 


1 con /i o\ 

1.5857 (18) 


PI fO 


1 C OO A / 1 T\ 

1.5889 (17) 


PI — F3 


1 C A A /I / 1 A\ 

1.5904 (19) 


D 1 T7 /I 

r 1 — r4 


1 .DyZi (Ly) 


PI— F5 


1.5927 (18) 


PI— Fl 


1.6053 (15) 


PI— Fl 


1.6053 (15) 


P2— F12 


1.5888 (17) 


P2— F9 


1.5930 (17) 
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C9— H9 


0.95 




C9A— CI OA 


1.391 


(4) 


/~ir\ A TTA A 

C9A — H9A 


0.95 




C9B — CI OB 


1.395 


(4) 


C9B — H9B 


0.95 




CIO — N2 


1.327 


(3) 


Nl — CI — C2 


121.8 


(2) 


XT 1 /"" 1 it 1 

Nl — LI — HI 


1 1 A 1 

119.1 




C2 — CI — Hi 


119.1 




N 1 A — C 1 A — C2 A 


122.3 


(3) 


XT 1 A i a T T 1 A 

N1A — CIA — Hi A 


118.8 




f ' a a /" -• | a TT1 A 

C2A — CIA — Hi A 


118.8 




N 1 B — C 1 B — C2B 


123.2 


(3) 


NIB — CIB — HIB 


118.4 




C2B — CIB — HIB 


118.4 




C3 — C2 — CI 


119.5 


(2) 


C3 — C2 — H2 


120.2 




CI — C2 — H2 


120.2 




/"* A A A A /"II A 

C3A — C2A — CIA 


119.6 


(2) 


f~\ 1 A A T TO A 

C3A — CzA — Hz A 


120.2 




CIA — C2A — H2A 


120.2 




C3B — C2B — CIB 


119.4 


(3) 


C3B — C2B — H2B 


120.3 




CIB — C2B — H2B 


120.3 




C2 — C3 — C4 


120.4 


(2) 


/~< A, /T> TT"i 

C2 — C3 — H3 


119.8 




C4 — C3 — H3 


119.8 




C2A — C3A — C4A 


1 1A O 

120.2 


(2) 


A a /ii A TT"1 A 

C2A — C3A — H3A 


119.9 




C4A — C3A — H3A 


119.9 




C2B — C3B — C4B 


119.7 


(3) 


rein /- < -> r-) TTOri 

C2B — C3B — H3B 


1 1A 1 

120.1 




C4B — C3B — H3B 


120.1 




C12 — C4 — C3 


116.5 


(2) 


C12 — C4 — C5 


1 1 ft n 

119.7 


(2) 


C3 — C4 — C5 


123.7 


(2) 


f ' "1 A A /~1 A A /"I -> A 

C12A — C4A — C3A 


116.1 


(2) 


f> 1 A A /"I A A f ' C A 

C 1 2A — C4A — C5 A 


119.4 


(2) 


C3A — C4A — C5A 


1 A yl /I 

124.4 


(2) 


C 1 2B — C4B — C3B 


116.9 


/A \ 

(3) 


C 1 2B — C4B — C5B 


119.8 


/A \ 

(3) 


C3B — C4B — C5B 


123.2 


(3) 


Co — C5 — C4 


120.3 


(2) 


C6— C5— C13 


123.9 


(2) 


C4— C5— C13 


115.8 


(2) 


C6A— C5A— C4A 


120.8 


(2) 


C6A— C5A— C13A 


121.5 


(3) 


C4A— C5A— C13A 


117.7 


(2) 



P2— F10 1.5954(19) 

P2— Fll 1.5963 (17) 

P2— F8 1.6030(18) 

P2— F7 1.6044(16) 

Fl— Fl 0.000(6) 

C5— C13— H13C 109.5 

H13A— C13— H13C 109.5 

H13B— C13— H13C 109.5 

C5A— C13A— HDD 109.5 

C5A — C13A — H13E 109.5 

H13D— C13A— H13E 109.5 

C5A— C13A— H13F 109.5 

H13D— C13A— H13F 109.5 

H13E— C13A— H13F 109.5 

C5B— C13B— H13G 109.5 

C5B— C13B— H13H 109.5 

H13G— C13B— H13H 109.5 

C5B— C13B— H13I 109.5 

H13G— C13B— H13I 109.5 

H13H— C13B— H13I 109.5 

C6— C14— H14A 109.5 

C6— C14— H14B 109.5 

H14A— C14— H14B 109.5 

C6— C14— H14C 109.5 

H14A— C14— H14C 109.5 

H14B— C14— H14C 109.5 

C6A— C14A— HMD 109.5 

C6A— C14A— H14E 109.5 

H 1 4D — C 1 4 A — H 1 4E 109.5 

C6A— C14A— H14F 109.5 

H14D— C14A— H14F 109.5 

H14E— C14A— H14F 109.5 

C6B— C14B— H14G 109.5 

C6B— C14B— H14H 109.5 

H14G— C14B— H14H 109.5 

C6B — C14B — HI 41 109.5 

H14G— C14B— H14I 109.5 

H14H— C14B— H14I 109.5 

C61— C59— H59A 109.5 

C61— C59— H59B 109.5 

H59A— C59— H59B 109.5 

C61— C59— H59C 109.5 

H59A— C59— H59C 109.5 

H59B— C59— H59C 109.5 

N3— C61— C59 177.5 (5) 

Nl— Oil— N1A 172.89(8) 

Nl— Cul— N2A 95.07 (8) 
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Cob — C5b — C4b 


1 O A /O \ 

120.6 (3) 


Cob — C5b — C 1 3b 


1 OO A ("1 \ 

\22.9 (3) 


p A yi P Cn pi m 

C4B — C5B — C 1 3B 


11// /o \ 

116.6 (3) 


C5 — Co — C7 


1 OA 1 ZO\ 

120.1 (2) 


C5 — Co — C14 


IT) o 

123.2 (2) 


p -7 /" < / p i < 

C7 — Co — C14 


116.7 (2) 


/"<c a /"</: a m a 

C5A — Co A — C7A 


1 1 A O 0\ 

120.2 (2) 


C5A — CoA — C14A 


121.4 (2) 


C / A — CoA — C14A 


1 1 O A /0\ 

1 10.4 (2) 


C5B — CoB — C7B 


1 OA 1 /O \ 

120.2 (3) 


prn /- < / ri p i /in 

C5B — CoB — C14B 


1 OO A /") \ 

122.0 (3) 


C7b — Cob — C14b 


1 1 "7 O /") \ 

117.0 (3) 


Cll — C7 — Co 


ii/:^ /o\ 

116.4 (2) 


pi i P "7 p/" 

Cll — C7 — Co 


1 OA A ZO\ 

120.0 (2) 


/~io pin p /" 

C8 — C7 — Co 


1 O O /" /o\ 

123.6 (2) 


pi 1 A /~"7 A p O A 

Cll A — C7 A — C 8 A 


11/1 /o\ 

116.2 (2) 


PI 1 A p -7 A / "1 /_ A 

CI 1A — C /A — CoA 


1 1 n c /o\ 
119. D (2) 


p o * p -7 a P/" A 

C8A — C7A — C6A 


1 O A 1 ZO\ 

124.3 (2) 


pon /-i ^ r~> pi i n 

CoB — C7B — CUB 


116.8 (3) 


Cob — C7b — Cob 


1 o o ,1 /"I \ 

123.4 (3) 


pi i n pin p /- r» 

CI lb — C7b — Cob 


1 1 A O ZO \ 

119.8 (3) 


p (\ PO PI 

C9 — Co — C7 


1 OA 1 /O \ 

120.1 (3) 


/~ip« PO TTO 

C9 — Co — H8 


120 


p ^7 PO TTO 

C7 — Co — Ho 


1 OA 

120 


z~ia a z~<o a r^n a 

C9A — CoA — C7A 


1 OA O 

120.2 (3) 


p i \ t PO A TTO A 

C9A — CoA — H8A 


119.9 


p -7 a PO A TTO A 

C7A — CoA — HoA 


119.9 


C • i\ r> pon pan 

C9B — CoB — C7B 


1 O A O /") \ 

120.2 (3) 


C9B — CoB — HoB 


119.9 


c ' ~i r-> pon TTon 

C7B — CoB — HoB 


119.9 


p o pp» p 1 Pi 

Co — C9 — CIO 


119.5 (2) 


p o /~ia tta 

Co — C9 — H9 


1 OA O 

120.2 


pip, pin TTA 

CIO — C9 — H9 


1 OA O 

120.2 


p o A p p. a p 1 pi A 

C o A — C9 A — C 1 OA 


119.6 (2) 


p o A p Pi A TTA A 

CoA — C9A — H9A 


1 OA O 

120.2 


Pi A i PPl A T T<\ A 

C 1 OA — C9A — H9A 


1 O A O 

120.2 


pon pi pi r> pi An 

Cob — C9b — CI Ob 


119.4 (3) 


P O I~"> PAn TTAn 

CoB — C9B — H9B 


120.3 


p i pin p r\ rt t TAn 

C 1 OB — C9B — H9B 


120.3 


XTO 1 A /~T\ 

JN2 — CIO — C9 


1 oo /o\ 

122.6 (2) 


XTO pi A TT1A 

N2 — C 1 0 — H 1 0 


118.7 


P pi p 1 pi TT1 A 

C9 — CIO — HIO 


118.7 


■VT^ A P 1 Pi A ppi A 

N2A — C 1 OA — C9A 


1 O O A ZO\ 

122.4 (2) 


XTO A riftA T r 1 A A 

JN 1 A — C 1 OA — H 1 (J A 


118.0 


C9A — C 1 OA — H 1 OA 


118.8 


N2B — C 1 OB — C9B 


122.2 (3) 


N2B — C 1 OB — H 1 OB 


118.9 


C9B — C 1 OB — H 1 OB 


118.9 


N2— Cll— C7 


123.7 (2) 



TVT1 A p. . 1 TvTO A 

N 1A — Cul — JN2A 


OA £(\ ZO\ 

80.60 (8) 


\T1 p, . 1 TvTOn 

Nl — Cul — N2B 


AA OC ZO\ 

90.86 (8) 


X T 1 A p i XT01~i 

N1A — Cul — N2B 


A A O O ZO\ 

94.88 (8) 


XTO A p. . 1 XTOT") 

N 2 A — Cu 1 — N 2b 


1 /^O OO /A\ 

162.88 (9) 


TvT 1 p. . 1 XTO 

IN 1 — Cul — N2 


no i c /o\ 

78.35 (8) 


XT 1 A p. . 1 XTO 

N1A — Cul — N2 


A/T A *7 ZO\ 

96.47 (8) 


XTO A / ■• 1 XTO 

N2A — Cul — N2 


A/" OO ZO\ 

96.82 (8) 


xyon /' ' . . I XTO 

JN 2B — Cu 1 — IS 2 


1 AA 1 1 ZO\ 

100.11 (o) 


XT 1 1 XT 1 r> 

JN 1 — Cul — N IB 


1 AA 1 H ( 0\ 

100.1 / (8J 


XT1 A f ' . . 1 XT1FJ 

N 1 A — Cul — IS IB 


Of o o /o\ 

85.38 (8) 


XTO A f ~ . . 1 XT1 ri 

IS 2 A — Cu 1 — JN 1 B 


on ac /o\ 

87.95 (8) 


XTOF5 /" ■ l XT1T5 

N2B — Cul — JN IB 


n c 1 o /o\ 

75.18 (8) 


XTO r^, .1 \n D 

JN2 — Cul — JN IB 


1 1C 1 A ( 0\ 

1 /D.10 (o) 


r • i xt 1 fn 

CI — JN 1 — C12 


1 1 A /I ZO\ 

119.4 (2) 


CI — Nl — Cul 


123.67 (17) 


PH XT 1 p , , i 

C12 — N 1 — Cul 


i i / nz; / 1 c\ 

116.96 (15) 


pi a xt 1 a rn a 
CIA — JN 1 A — C12A 


110/ /o^ 
110.6 (2) 


p 1 A XT 1 A p . . 1 

CIA — N 1A — Cul 


nn ao / 1 o\ 

127.48 (18) 


p 1 O A XT 1 A p i 

C12A — N1A — Cul 


11T "71 p| z1\ 

113.71 (14) 


Pin xTin p i o n 

C 1 b — N 1 b — C 1 2b 


1101 /o\ 

118.1 (2) 


p i o xt 1 n p . , i 

C 1 b — N 1 b — Cu 1 


IOI O C i 1 A\ 

131.25 (19) 


p | -» r> XTin P 1 

C 1 2B — N 1 B — Cu 1 


1 1 A AO / 1 

110.03 (17) 


p i p. XTO /^ 1 1 

C10 — N2 — Cll 


||nn /o\ 

117.7 (2) 


Pin xto p , , i 

C10 — N2 — Cul 


1 O 1 ^1 / 1 

131.61 (17) 


r>i 1 XTO 1 

Cll — JNz — Cul 


11(1 in /in 

11U.3 / (15) 


Z" 1 1 A A XTO A pi 1 A 

CI OA — JN2A — Cll A 


1 1 O A ZO\ 

118.0 (2) 


t~~* 1 A A XTO A /"' . . 1 

C 1 OA — JN 2 A — Cu 1 


IOA AZT Z10\ 

130.06 (18) 


Z" 1 1 1 A XTO A z' ' 1 

Cll A — JN2A — Cul 


111 ZiZi /I CI 

111.44 (15) 


1 AD XTOD fl in 

C 1 UB — JN La — C 1 1 B 
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2.62 3.270 (3) 


126 


CIO— H10-F7' 




0.95 


2.54 3.358 (3) 


145 


CIO— H10-F8' 




0.95 


2.59 3.471 (3) 


155 


C59— H59C-F4" 




0.98 


2.3 3.265 (4) 


170 


C8S— H85-F1" 1 




0.95 


2.51 3.437 (3) 


164 


C3— H3-F8 iv 




0.95 


2.47 3.392 (3) 


163 


C3^— H3^-F4 V 




0.95 


2.62 3.557 (3) 


169 


Symmetry codes: (i) x, y,z-\; (ii) -x+ 1 , -y, 


-z+l; (iii) -x+\, 


-y, -z; ( 


iv) x+l/2, -y+l/2, z-1/2; (v) x-1/2, -y+1/2, z-1/2. 
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